SUMMARY A cohort of more than 8000 Japanese men living in Hawaii was studied for factors associated with blood pressure levels, with an emphasis on biological and sociocultural variables. Bivariate and multivariate analyses of more than 50 variables indicated that obesity, age, hematocrit, heart rate, forced vital capacity, serum triglyceride, serum uric acid, cigarette consumption, and family history of hypertension were independently associated with both cross-sectional levels and longitudinal changes in blood pressure. Serum glucose and alcohol consumption were associated with cross-sectional levels only. There was little evidence of association for specific dietary items, type of diet, diet changes, or use of salt. The two most common hypotheses offered to explain these findings focus upon diet and life style changes on one side, and psychosocial factors such as stressful life changes and status incongruity on the other. 3 The existing studies are inconsistent, however, and provide no clear means of sorting out the relative merits of these different hypotheses.
S
TUDIES of migrants and communities undergoing rapid culture change indicate environmental factors associated with changes in blood pressure and risk of hypertension. 1 ' 2 The two most common hypotheses offered to explain these findings focus upon diet and life style changes on one side, and psychosocial factors such as stressful life changes and status incongruity on the other. 3 The existing studies are inconsistent, however, and provide no clear means of sorting out the relative merits of these different hypotheses. 1 
"
4 This is partly due to a lack of studies that examine the different types of variables in the same group of subjects. We report a study of blood pressure of Japanese men living in Hawaii measured at a 6-year interval. A broad range of life style and sociocultural characteristics as well as standard biological measurements were available for analysis.
Methods
The Honolulu Heart Program is a prospective study of coronary heart disease (CHD) and stroke among a cohort of Japanese men born between 1900 and 1919 and living on Oahu in 1965. About 12% of this group were migrant farmers from southern Japan who were recruited for agricultural labor in Hawaii, 54% were " 7 Briefly, 8006 men completed the initial examination during the years 1965 to 1968, and 6858 of them returned for the third examination 6 years after the first examination. Information concerning demographic, sociocultural, and medical history were obtained during a structured interview by a nurse interviewer. Blood pressure was measured twice by a nurse and once by a physician at the first examination, and once by each at the third examination. A mercury manometer with a standard cuff was applied to the left arm of a seated subject. Diastolic blood pressure (DBP) was recorded as the fifth Korotkoff phase. The mean of all available blood pressure measurements for each subject was used. When qualitative groupings of blood pressure were used, they followed the WHO standards. 8 Resting heart rates were obtained from EKG recordings.
Evaluation of each man's diet was done by a dietitian using the 24-hour recall method. Blood specimens were collected 1 hour after a 50 g glucose load, and chemical determinations were made at the USPHS Hospital in San Francisco using auto-analyzer procedures. Body mass index (BMI) was calculated as weight in kg/height 2 in meters. Timed vital capacity was recorded using a Collins spirometer.
Sociocultural variables included measures of education, occupation, marital status, number of children, persons in the household, religion, and longest lifetime BLOOD PRESSURE AMONG HAWAII JAPANESE/Reed et al. 407 residence as urban or rural. Acculturation and migration variables included years lived in Japan, ability to read or write Japanese, the preference for Japanese food, place of birth and childhood residence categorized as Japan, Hawaii Kibei (persons born in Hawaii but spending more than 10 years of childhood in Japan), rural Hawaii, and urban Honolulu. Intergenerational (social) mobility was defined as the difference between the subject's and the father's occupation level, and social status incongruity was measured by differences between the subject's education and occupation levels.
Analyses of associations of the examination variables with blood pressure involved several steps. For cross-sectional tabulations, the first step was to divide the study population into various levels of a single examination variable and to calculate mean blood pressure values adjusted for age and BMI. Tests for homogeneity (equality) of the adjusted means were calculated using an analysis of covariance. Computations for this procedure used the general linear model of the Statistical Analysis System (SAS 79). Zeroorder correlation coefficients and tests for trends were also computed to verify associations. Variables that showed any association with the blood pressure levels were then included in a stepwise multiple regression analysis to determine if the association was independent of associations with other variables. A probability level of 0.10 or less in the bivariate analyses was used to determine whether to include an item in the multivariate analyses. Similar methods were used for analyses of changes in blood pressure between examinations. Persons who were taking antihypertensive medication were excluded from these analyses.
Results
Blood Pressure Levels at the First and Third Examinations Table 1 shows blood pressure levels by age at the first and third examinations and the percentages of men who were hypertensive by WHO standards. Systolic blood pressure (SBP) increased directly with age, and the age-specific values at the two examinations were nearly identical. Diastolic blood pressure (DBP) did not increase with age at either examination, but the age-specific values were consistently higher at Examination 3.
At the first examination, 21% had borderline hypertension, and 17% had definite hypertension, with a pattern of increasing prevalence with age. The prevalence rates of definite hypertension at the third examination were higher than those of the first examination, but the rates for borderline hypertension were similar.
Over 50 of the first examination variables were examined for association with blood pressure levels after adjusting for age and BMI. Those relating mostly to the physical examination and laboratory findings are shown in table 2, with mean blood pressure values by subcategories of each variable. The blood pressure levels were adjusted for age and BMI. Of all of the available measures of obesity, the BMI showed the strongest association with blood pressure. Separate analysis indicated that after adjustment for age and BMI, sums of skinfolds and arm girth were also significantly associated with both SBP and DBP, but body weight and relative weight were not. Heart rate, hematocrit, and forced vital capacity (FVC) were also significantly associated with both SBP and DBP.
All of the serum chemistries and proteinuria were significantly associated with blood pressure level, after adjustments; serum glucose and triglycerides had the strongest associations. Parental history of hypertension, whether a genetic factor or an environmental influence, was strongly associated with blood pressure level, with the highest levels among the men with both parents affected.
Items related to the 24-hour diet recall and some reported habits are shown in table 3. For diet items, there was a general inverse trend in which the more subjects reported eating, the lower the blood pressure. After adjustment for age and BMI, total protein, and milk were inversely associated with both SBP and DBP, while total fat was inversely associated with SBP only. Separate analyses showed that animal protein was inversely associated with both SBP and DBP and that saturated fat was associated with SBP only. There was no significant association for unsaturated fat, vegetable protein, complex or simple carbohydrates, nor for cups of coffee or tea per day. Furthermore, none of the general categories of diet, such as type of present diet (Japanese or Western), food liked best, diet change since 1940 from Japanese to Western, or the preference for traditional Japanese foods, showed any association with blood pressure levels. < 0.001 p = probability level for test of homogeneity of the adjusted means using an analysis of covariance. SBP = systolic blood pressure; DBP = diastolic blood pressure.
Salt intake calculated from 24-hour diet recall was not associated, but reported use of salt at the table showed an inverse association significant for SBP and in the borderline range for DBP.
Alcohol intake, whether measured by 24-hour recall or as ounces per month, was consistently associated with both SBP and DBP. Smoking status was not associated with blood pressure level when examined separately from a yes-no category, but the number of cigarettes smoked per day showed a U-shaped curve in which nonsmokers and those smoking more than 30 cigarettes per day had higher blood pressure levels than the men smoking up to one and a half packs per day. This pattern was significant for DBP but not SBP. Table 4 shows the mean blood pressure levels for sociocultural items adjusted for age and BMI. By occupation, the blood pressure levels followed the general pattern of being higher among the unskilled than among managers, but the differences were small, except for farmers who had the lowest levels.
There were also significant differences in SBP by religion but there was no meaningful pattern. By marital status, single and widowed men had higher levels of blood pressure than married or remarried. These differences were of borderline significance for SBP and no significant for DBP. No significant association was found for education, ability to read Japanese, a measure of generational difference between the subject's and father's occupation or a measure of status incongruity between a person's education and occupation levels. Separate analyses showed no further significant associations for number of children, number of persons in the household, urban or rural residence, number of years lived in Japan, or ability to speak Japanese.
Analysis by place of birth and childhood residence indicated that the Japan-born migrants and Hawaii Kibei had lower blood pressure levels than the men who were born in the rural outer islands, and the men who were born arid raised in urban areas. The differences in the age and BMI-adjusted mean values among these groups were significant for DBP and in the borderline area for SBP. Figure 1 illustrates these patterns in comparison to published SBP values for samples of all Japanese males and for males in Hiroshima and Nagasaki, the areas from which most of the Hawaii migrants came. 23 The blood pressure patterns of the Hawaii groups were similar to those of Hiroshima and Nagasaki and lower than those of the total Japan sample.
To examine the independent associations between the first examination variables and blood pressure levels, a stepwise multiple regression analysis was performed using all variables that were associated with either blood pressure measure at the 0.10 level or less. Table 5 lists the variables that were statistically significant (p <* 0.01) and the cumulative R 2 in order of entry into the model (R 2 is the proportion of variance in the dependent variable "explained" by the independent variables).
Seven variables were independently associated with both SBP and DBP, namely, BMI, heart rate, hematocrit, serum triglyceride, parental history of hypertension, alcohol consumption, and cigarette consumption. In addition, age, serum glucose, uric acid, and FVC were associated with SBP only, and arm girth was associated with DBP only. The cumulative R 2 was 0.19 for SBP with 11 variables and 0.22 for DBP with 8 variables. None of the sociocultural variables was independently associated with either SBP or DBP in this model. 
Prospective Analyses
Of the 8006 men seen at the first examination, 6858 were also seen at the third examination. During the interval, 389 (4.9%) of the men had died, and 759 (9.5%) were not reexamined. Changes in the qualitative levels of blood pressure for men seen at both examinations are shown in table 6. At the first examination, 60% were normotensive and 40% had elevated blood pressure, including 18% with borderline hypertension, 13% with definite hypertension, and 9% on antihypertensive medication. Six years later, 53% had elevated blood pressure, including 19% with borderline hypertension, 16% with definite hypertension, and 18% on antihypertensive medication. Of men who were normotensive at the first examination, 12% had definite hypertension or were on antihypertensive medication 6 years later.
The next step of our analysis focused upon the actual change in blood pressure levels between the two examinations as the dependent variables. The independent variables included the original group of first examination variables, and nine additional variables measured at both examinations and found to be significantly correlated with changes in SBP or DBP in bivariate analyses. These nine were changes in weight, BMI, hematocrit, heart rate, FVC, serum cholesterol level, uric acid level, alcohol consump- tion, and cigarette consumption. All of these variables were used in a stepwise multiple regression on change in SBP and DBP. Table 7 lists the variables that were statistically significant (p < 0.01) and the cumulative R 2 in order of entry into the model. For both SBP and DBP, first examination levels of blood pressure were the strongest predictors of change, while changes in weight, hematocrit, and FVC accounted for most of remaining cumulative R 2 . Age, changes in serum uric acid, BMI, and the 24-hour recall of total fat were also significant for SBP, while arm girth, heart rate, change in cigarettes smoked per day, and cholesterol were significant for DBP.
The inverse association of initial blood pressure to change in blood pressure between examinations appeared to be a "regression to the mean" effect, and separate analyses verified this. For example, 45% of men with low initial SBP levels of 130 mm Hg or less had an increase of 10 mm Hg or more compared to only 17% of those with high initial levels of 160 mm Hg or more. Conversely, only 29% of those with initially low levels had a decrease in SBP compared to 73% of those men with high initial levels.
As there is no satisfactory statistical method available to eliminate the "regression to the mean" effect, we elected to repeat the above analysis after dividing the men into the three qualitative blood pressure groups based upon first examination levels. All of the variables described above were used in stepwise multiple regressions on change in SBP and DBP for each of the different qualitative groups as shown in table 8 .
Changes in weight and hematocrit were consistently associated with changes in both SBP and DBP. In general, more variables were significantly associated with change among normotensives than among those with elevated blood pressure, but they did not necessarily add more to the cumulative R 2 . As with other analyses, measures of obesity, serum chemistries, and FVC were among the significant variables, but the life style, diet, and sociocultural variables were not.
Discussion
When we first grouped the independent variables into the two general categories, we realized that there were serious questions about what was "biological" and what was "sociocultural." A parental history of hypertension can reflect both genetic and environmental influences, and culture certainly affects diet and life style in ways that may be reflected in physical and chemical measures. Our main purpose, however, was to contrast social processes such as mobility and incongruity, which are believed to act as conditional stresses, with other physical and life style characteristics. From this point of view, the general pattern of our results indicates that blood pressure levels were most strongly and consistently associated with physical measures, while associations with life style and sociocultural characteristics were few and relatively modest.
Specifically, in multivariate analyses, nine of more than 50 variables were associated with both crosssectional blood pressure levels and with changes in blood pressure levels over a 6-year period. Except for parental history of hypertension and cigarette consumption, all were physical and laboratory measures and included obesity, age, hematocrit, FVC, heart rate, serum triglyceride, and uric acid. Two additional variables were independently associated with cross sectional measures of blood pressure only. These were serum glucose and alcohol consumption. One variable, serum cholesterol, was associated with changes in DBP but not in SBP.
The importance of the biological risk factors such as obesity, heart rate, hematocrit, vital capacity, serum glucose, and uric acid have been reported as in- •Inverse association. FVC = forced vital capacity; BMI = body mass index. dependent risk factors in a variety of both crosssectional and prospective studies of blood pressure among different ethnic groups.
9 " 14 Our findings confirm these relationships among Japanese men in Hawaii. Here, as elsewhere, obesity appeared to be the strongest correlate of blood pressure.
A variety of dietary factors has also been incriminated as causes of high blood pressure, including salt, fat, sugar, and meat, 16 
"
19 but they have not been found to be important in large prospective studies. 9 ' u We found little evidence of associations between dietary items and blood pressure; the modest associations that were found in the bivariate analyses were inversely related to blood pressure. For example, the men who reported eating the most animal protein had the lowest blood pressure in contrast to the results of studies of vegetarians. 18 ' 19 Thus, while it is obvious that dietary habits affect body weight, we found no independent association for specific types of food and blood pressure.
Coffee, alcohol, and tobacco are known to produce immediate increases in blood pressure but consistent evidence of any long-term effect has been shown only for alcohol. 9 ' 10> Jo We found that alcohol was independently associated with cross-sectional measures of blood pressure but not with changes over time. Our findings of lower blood pressure among moderate smokers than nonsmokers is similar to early reports that did not control for weight, but in contrast to more recent reports that did. 10 ' " Many Japanese foods are high in salt content, but we were unable to demonstrate any independent statistical relationship between salt intake or preference for Japanese food reported, and blood pressure. These findings were similar to those of the Framingham study using similar methods. 9 As pointed out recently," the salt and hypertension hypothesis is a controversial topic with evidence to support both sides of the argument.
The effect of prolonged stress such as exposure to sociocultural change has also been a controversial subject in blood pressure studies. As this cohort of Japanese men in Hawaii included both migrants from Japan and rural-to-urban migrants within the Hawaiian Islands, some interesting comparisons could be made. The subgroup of about 12% of the cohort who were migrants from Japan came from the southern prefectures of Japan, a population found to have lower blood pressure levels than in northern Japan. 28 Comparisons made at the beginning of this study showed that, when adjusted for relative weight, the age-specific blood pressure levels of the migrants to Hawaii were nearly identical to those of the Hiroshima-Nagasaki cohort, although the Hawaiian men were larger and ate more animal fat and protein."' 28 Men in the cities in southern Japan had lower blood pressure levels than nationwide samples of all Japanese men, which in turn had lower levels than U.S. men. 28 -288 Thus, more than 40 years after migration, the Hawaii cohort migrants had blood pressure levels that most closely resembled the low levels of persons in areas they came from rather than the higher levels of the U.S.
Within the cohort, migrants from Japan had lower blood pressure levels than the men who were born and raised in the rural outer islands and later migrated to Oahu; and these outer islanders in turn had lower levels than the men born and raised in urban Oahu. Both the migrants from Japan and those men who moved from plantations to urban Oahu experienced the disruptions in social and cultural value systems characterized as a cause of repeated autonomic system arousal 1 and yet there were no long-term consequences of increased blood pressure levels.
Furthermore, there was no support for the psychosocial hypotheses of increased blood pressure from the stresses of acculturation, intergenerational mobility, or status incongruity between education and occupation. In general, these findings differ from those of other studies of migrant groups, but most of the earlier studies did not control for body weight.
1 ' 3 A recent study of Tokelau Island migrants to New Zealand did find a significant association between blood pressure and the degree of social interaction with New Zealand society after controlling for BMI. 27 The authors pointed out that the amount of variance in blood pressure related to social interaction was small compared to that of BMI and length of residence, and other biological variables were not included.
In conclusion, we have found that some social and diet characteristics were associated with blood pressure levels in bivariate analyses, but not in multivariate models that included biologic measures. Although it is disconcerting to find no new pathways to explore in terms of preventing elevated blood pressure, these findings do reinforce the importance of the known paths. Among the correlates of blood pressure reported, there are several available for intervention, including obesity and alcohol consumption, and a consideration of these two factors should be an intrinsic part of a hypertension prevention program. 20 
